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HORIZONTAL WATERJET DRILLING
METHOD

BACKGROUND OF THE INVENTION

Coalbed Methane (CBM) 1s a natural gas formed by geo-
logical processes 1n coal seams. CBM consists predominantly
of methane and 1s considered an all-in-one natural gas
resource as 1t serves as the source, reservoir and trap for a vast
amount of potential natural gas. Typically, CBM can be found
unexploited at relatively shallow depths, and because meth-
ane 1s stored 1n coal by a different means than conventional
gas, more gas per unit volume can be recovered at these
shallow depths. CBM may be recovered 1n several ways but 1s
commonly retrieved by penetrating the borehole casing of an
existing o1l or gas well at a depth below the Earth’s surface,
and then boring a lateral channel through an adjacent coal
seam using a high pressure waterjet nozzle, or blaster nozzle.

To illustrate, o1l and gas wells are typically drilled by the
use of rotary drilling equipment vertically into the Earth’s
strata. The vertically extending well holes generally include a
casing usually of mild steel 1n the neighborhood of 414" to 8"
in diameter, which defines the cross-sectional area of a well
for transportation of the o1l and gas upwardly to the Earth’s
surface. However, these vertically extending wells are only
useful for removing o1l and gas from the general vicinity
adjacent to and directly underneath the terminating down-
ward end of the well. Thus, not all of the o1l and gas 1n the
pockets or formations 1n the Earth’s strata, at the location of
the well depth, can be removed.

Because 1t 1s time-consuming and costly to make other
vertical drillings parallel and close to the first drill, a vaniety of
means are commonly employed to extend the original well in
a radial or horizontal direction. As explained, the most com-
mon means includes perforating the casing at a specific depth
and then drilling a lateral channel using a high pressure water-
jetnozzle. In these operations, high-pressure hoses and water-
jets are oiten required to pass through extremely tight areas to
reach the coal seam, seemingly requiring a more tlexible,
smaller inner-diameter hose that can reduce overall fluid pres-
sures. A reduction in fluid pressure results 1n 1madequate
cutting power Irom the waterjet nozzle and, therefore,
reduced drilling capacity. Therefore, 1t remains desirable to
find improved waterjet cutting methods that may be practiced
in small areas and yet still allow for substantial high-pressure
fluid pumping tlow rates.

SUMMARY OF THE DISCLOSUR.

(L]

The present disclosure relates to an improved method for
horizontal drilling into the Earth’s strata surrounding a well
casing thereby enhancing the production of CBM that com-
monly flows from the fractures in such formations. More
specifically, the present disclosure relates to an improved
method for drilling a lateral channel 1into a coal seam where
the combination of a flexible hose and a waterjet 1s capable of
entering the coal seam at short radnn without significantly
reducing the required cutting fluid pressure.

A method for drilling a lateral channel 1n a subterranean
coal seam adjacent to an existing o1l or gas well having a well
casing 1s herein disclosed. The method may comprise the
steps of suspending a casing mill at a selected depth 1n the
well casing and milling a section of the casing, thus resulting,
in a circular perforation in the well casing adjacent to the
subterrancan coal seam; suspending an underreamer to the
circular perforation and reaming-out the circular perforation
a distance into the subterranean coal seam; suspending a
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2

guide shoe to the circular perforation, wherein the guide shoe
defines a window configured to open upon reaching the cir-
cular perforation; directing a flexible hose down the well
casing and into the guide shoe, wherein the flexible hose
terminates at a waterjet having a nozzle in fluid communica-
tion with a plurality of forward jets, a plurality of retro jets,
and a plurality of radial jets; directing the waterjet through the
window and out of the guide shoe 1n a substantially horizontal
direction and into engagement with the subterranean coal
seam; and pumping a fluid at a high pressure through the
flexible hose and waterjet, whereby the fluid 1s expelled from
the waterjet via the plurality of forward, retro, and radial jets
such that jets of high pressure fluid shoots at the subterranean
coal formation to make a lateral channel therein.

Also disclosed herein 1s a method of completing a lateral
channel 1n a coal seam adjacent to an existing o1l or gas well
casing. The method may comprise providing a flexible hose
terminating at a waterjet, wherein the waterjet comprises a
nozzle 1n fluid communication with a plurality of forward
jets, a plurality of retro jets, and a plurality of radial jets;
directing the tlexible hose and waterjet down the well casing
and 1mnto a guide shoe, wherein the guide shoe defines a
window pivotally-coupled to the guide shoe and configured to
open 1n a laterally engaged position within the coal seam;
directing the flexible hose and waterjet through the window 1n
a substantially horizontal direction and into engagement with
the coal seam, wherein the combination of the flexible hose
and the waterjet 1s configured to turn about 90° 1n about a 12
in. radius; pumping a fluid at a high pressure through the
flexible hose and waterjet, whereby the fluid 1s expelled from
the waterjet via the plurality of forward, retro, and radial jets
such that jets of high pressure fluid shoot at the coal formation
to make a lateral channel therein; and advancing the waterjet
through the lateral channel by either directing the fluid at a
high pressure through at least one retro jet to create a forward
propulsive force or manually moving the flexible hose.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A-1C are side views 1llustrating progressing opera-
tions to perforate a well casing.

FIG. 2 15 a perspective view of an exemplary underreamer
according to one or more aspects of the present disclosure.

FIG. 3 1s a perspective view of drilling illustrating a water-
jet and hose combination entering a perforation of a coal
seanm.

FIG. 41llustrates an exemplary waterjet according to one or
more aspects of the present disclosure.

FIG. 5 1s a side view of drilling a lateral channel 1n a coal
seam according to one or more aspects of the present disclo-
sure.

DETAILED DESCRIPTION

Referring now to the drawings 1n detail, wherein like num-
bers are used to indicate like elements throughout, there 1s
shown 1 FIGS. 1A-1C a conventional cement and steel
encased o1l or gas well, having a steel well casing 102, an
annular cement encasement 104, and showing the Earth strata
106 and subterranean coal seam formation 108 beyond. To
access the CBM located 1n the coal seam 108, the well casing
102 and encasement 104 must be perforated. To accomplish
this, as illustrated 1n FIG. 1B, a casing mill 110 may be
suspended 1n the well casing 102 to a selected depth where a
coal seam 108 1s known to exist. In an alternative embodi-
ment, a permanent or retrievable bridge plug (not shown) may
be used to locate the coal seam 108. As explanation, a com-
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mercially-available bridge plug, or blanking plug, may first
be engaged a certain distance below the selected depth where
a coal seam 108 1s known to exist. In an exemplary embodi-
ment, the bridge plug may be engaged at about 60 {t. below
the location of the known coal seam 108. To locate the coal
secam 108, the casing mill 110 may be lowered to contact the
bridge plug and then lifted back up about 60 it. Although a
bridge plug may be engaged at any depth below the coal seam
108, the depth volume may serve to collect the subsequent
cuttings and particulates resulting from the subsequent drill-
ing operations which typically intertere with normal drilling
operations.

In any event, the casing mill 110 may be connected to the
distal end of a length of drill string 112, or tubing string, via
suitable attachment means conventional in the art. On the
surface, the drill string may be connected to a top drive or a
reverse unit (not shown) capable of supplying a rotating force
and torque needed to excise a section of the casing 102.
Alternatively, the required torque may be supplied via a
downhole motor as known 1n the art.

In an exemplary embodiment including a typical 5.5 in.
well casing 102, the casing mill 110 blades may be 6.25 1n. in
diameter, sullicient to perforate well casing 102 and poten-
tially a portion of the surrounding concrete encasement 104.
In an exemplary embodiment, the casing mill 110 may
include the commercially-available Weatherford A-1 Section
mill for 5.5 1n. outer diameter well casing 102. In exemplary
operation, as the casing mill 110 rotates, 1ts blades continu-
ally degrade the well casing 102 about 1ts entire circumier-
ence along a 360° path, thus yielding a circular perforation
114 into the well casing 102. In exemplary operation, the
casing mill 110 may be gradually lowered to perforate the
casing to a height of about 4 {t.

In an exemplary embodiment, underreaming operations
may then be applied to extend and simultaneously enlarge the
perforation 114. Suitable underreamer devices are generally
available 1n a variety of closed and open diameter combina-
tions, thus allowing for the presently disclosed methods to be
performed 1n multiple design arrangements. In an exemplary
embodiment, the commercially-available Jet Underreamer,
manufactured by Harvest Tools, LLC may be employed as a
suitable underreamer. FIG. 2 illustrates an exemplary under-
reamer 200 suitable for the present disclosure.

In an exemplary embodiment of operation, once the casing
mill 110 1s removed, an underreamer 200 may be lowered to
the perforation 114 depth. In alternative embodiments, as
described above, a bridge plug may be used to assist in finding
the desired depth. As 1illustrated 1n FIG. 2, the underreamer
200 may be attached to the distal end of a drlll string 112 via
a threaded engagement 201 at its base. It may also include a
pair of flush-mounted cutting blades 202 that are pivotally
connected to the underreamer 200 body. The underreamer
200 and 1ts cutting blades 202 may be manufactured of special
alloy steel with high hardness and impact strength. Accord-
ingly, the cutting blades 202 may be capable of cutting
through the concrete encasement 104 and a surrounding coal
seam formation 108. Moreover, multiple cutting jets 204 may
be situated along the length of the cutting blades 202 and
configured to provide high-pressure fluidic release also
capable of cutting through the coal seam 108. Additional
cutting jets (not illustrated) may also be located at the ends of
the blades 202 to achieve a larger diameter cavitation or
clean-out operations. By design, the cutting blades 202 may
pivotally extend outward with respect to the underreamer 200
body 1n response to hydraulic pressure through the cutting
blades 202 and/or the resultant centrifugal forces occurring
through high-speed rotation of the drill string 112. In an
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alternative exemplary embodiment, the underreamer 200
may operate using pressurized air.

In exemplary operation, the underrecamer 200 may be
capable of removing the cement encasement 104, and also
capable of reaming the circular perforation 114 to a diameter
of 20-30 1n. with respect to the casing 102. As illustrated 1n
FIG. 1C, an exemplary embodiment may include underream-
ing the perforation 114 to a diameter of about 24 1n., and a
height of about 4 ft.

Referring now to FIG. 3, once the underreamer 200 1s
removed from the borehole, a waterjet guide shoe 302 may be
lowered to the known circular perforation 114 depth. Alter-
natively, as explained above, and to avoid the highly sophis-
ticated and expensive depth-finding equipment commonly
employed 1n similar waterjet drilling operations, the circular
perforation 114 depth may be located using a previously
engaged bridge plug, or blanking plug (not shown). To locate
the circular perforation 114, the waterjet guide shoe 302 may
be lowered to contact the bridge plug and then lifted back up
about 60 1t. In an alternative embodiment, a length of about 60
tt. of small-diameter tubing (not illustrated) may be coupled
to the bottom of the waterjet guide shoe 302. The small-
diameter tubing may be configured to stop the descent of the
guide shoe 302 at about 60 1t. above the bridge plug, 1.e., the
circular perforation 114 depth. In alternative embodiments,
any type of tubing or rigid member of a similar length with
respect to the circular perforation 114 may be used 1n place of
the about 60 {t. of small-diameter tubing. As can be appreci-
ated, 1n applications where the bridge plug 1s placed at dii-
terent depths below the coal seam 108, the exemplary tubing
or rigild member may include a length equal to that of the
depth below the coal seam 108 for consistency.

Still referring to FIG. 3, as with the mill 110 and under-
reamer 200, the guide shoe 302 may also be coupled to the
distal end of a length of drill string 112 via suitable attach-
ment means. In one embodiment, the guide shoe 302 may be
welded to alength of drill string 112, however, the guide shoe
302 may also be threadably attached or attached by another
suitable means known 1n the art. In an exemplary embodi-
ment, the waterjet guide shoe 302 may include a hollow,
cylindrical body having a diameter of about 3.5-4 1n. The
guide shoe 302 may also define a window 304 that 1s pivot-
ally-coupled, or moveably hinged, to the guide shoe 302 and
thereby configured to open 1n a laterally engaged position
within the reamed circular perforation 114 adjacent the sev-
ered upper and lower portions of the casing 102. As 1llus-
trated, a hinging mechanism 305 may be coupled, or
mechanically attached, to the window 304. The mechanism
305 may also be coupled, or mechanically attached, to the
lower end of the guide shoe 302, thereby allowing the window
to pivotally translate.

In exemplary operation, as the guide shoe 302 1s lowered
into the casing 102, the hinged window 304 may remain 1n a
substantially closed position due to the sliding bias engage-
ment with the inner wall of the casing 102. Once the guide
shoe 302 reaches the circular perforation 114 depth, the win-
dow 304 may open laterally via gravitational or mechanical
forces, and ultimately open into the perforation 114. Stated
differently, because the window 304 1s moveably hinged to
the guide shoe 302, upon reaching the perforation 114 the
window 304 may be configured to either automatically fall
into an open position or forced open as a result of a spring-
loaded hinge assembly. Once open, the window 304 may
provide an exit from the guide shoe 302 1nto the adjacent coal
scam 108. In an exemplary alternative embodiment, cables
(not illustrated) may be attached to both the guide shoe 302
and the window 304 and may be configured to stop the gravi-
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tational descent of the window 304 at about a 90° angle
relative to the casing 102. To remove the guide shoe 302 after
operations are completed, the exemplary cables may be bro-
ken by the upward movement of the drill string 112 once the
window 304 engages the top of the circular perforation 114,
thus allowing the hinged window 304 to drop about another
90° and exit the well bore 1n a substantially downwardly
vertical position.

1. In an alternative exemplary embodiment, the hinged win-
dow 304 may be mechanically coupled to the exemplary
length of about 60 ft. of small-diameter tubing, as described
above. In one embodiment, the hinging mechanism 305 on
the window 304 may be spring-loaded and configured to
constantly apply a closing force to the window 304. In exem-
plary operation, as the length of about 60 {t. of small-diameter
tubing engages the bridge plug located about 60 1t. below the
circular perforation 114, the small-diameter tubing may force
the spring-loaded window 304 to a substantially open posi-
tion. In one embodiment, the small-diameter tubing may be
configured to force the hinged window 304 open to an angle
of about 90° relative to the casing 102. As can be appreciated,
once the guide shoe 302 begins 1ts ascent, pressure on the
bridge plug may thereby be removed and the hinged window
304 may then return to its closed position as a result of the
spring force applied by the hinging mechanism 305.

Still referring to FIG. 3, with the guide shoe 302 1n an open
position (as illustrated), a waterjet 306, coupled to flexible
high-pressure hose 308, may be directed down the drill string
112. In an alternative exemplary embodiment, tubing string
(not 1llustrated), having a diameter of about 2.3°75 1n. or less,
may be employed in place of the drill string 112 and config-
ured to prevent the buckling of the high-pressure hose 308
during operations. In an exemplary embodiment, the com-
mercially-available StoneAge® Banshee™ series BN 18
may be employed as a suitable waterjet 306. The BN 18
waterjet 306 consists of a 0.69 1n. diameter body with a 0.375
in. iside diameter and a length of 3.8 1n.

In an exemplary embodiment, the flexible high-pressure
hose 308 may use a “memory curl” to exit the window 304
once lowered to the perforation 114 depth. The memory curl
results from the physical properties of the hose 308 that
preserve a “curl” after maintaining its end 1n a curled position
for a period of time. Upon reaching the guide shoe 302, the
waterjet 306, using the memory curl of the hose 308, may be
fed through the window 304 and into the perforation 114

adjacent to the coal seam 108.

Because of the small size of the waterjet 306 and the
flexibility of the hose 308, the combination waterjet 306 and
hose 308 may pass through a tight radius without sacrificing
the required fluid pressure to work effectively. In particular,
the waterjet 306 and hose 308 combination may be capable of
turning the required approximate 90° corner at the guide shoe
302 window 304 in a radius of about 12 1n. as required by the
24 1n. reamed-out perforation 114 described above. However,
proposed modifications to the StoneAge® line of waterjets
306 will likely shorten the tool, thus enabling 1t to turn an even
shorter radius (e.g., 8 1n.), while yet maintaining the required
fluid pressures and thrust to effectively complete the drilling
operations herein disclosed.

As 1llustrated in FIG. 4, an exemplary waterjet 306 may
include a self-rotating nozzle 408 1 fluid communication
with a plurality of forward jets 402, a plurality of retro jets
404, and a plurality of radial jets 406. Applications employing
more retro jets 404 than forward jets 402 typically result in a
rearward volume differential leaving the operator with less
cutting volume at the front of the nozzle 408. As increased
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forward cutting volume may be desired, exemplary embodi-
ments of the present disclosure may employ more forward
jets 402 than retro jets 404. For example, as 1llustrated 1in FIG.
4, an exemplary nozzle 408 may include three forward jets
402, two retro jets 404, and two radial jets 406, thus making
the forward jets 402 more numerous than the retro jets 404.

Each jet 402, 404, 406 may consist of a channel machined
or otherwise formed into the nozzle 408. In an exemplary
embodiment, the forward jets 404, generally located on the tip
of the self-rotating nozzle 408, may be designed to “cross
over” during nozzle 408 rotation to prevent coning of the coal
seam 108, as 1s known 1n the art. On the other hand, the retro
jets 404 may be evenly spaced about the tail end of the nozzle
408 and angled at approximately 140° relative to the waterjet
306 body. The radial jets 406 may be evenly spaced circum-
terentially around the nozzle 408 and directed substantially
perpendicular so as to ream the channel during forward pro-
gress101.

With the waterjet 306 substantially in engagement with the
coal seam 108, fluid maintained at a high pressure may be
pumped through the tlexible high-pressure hose 308 and into
the waterjet 306. In an exemplary embodiment, the waterjet
306 may use a high-pressure drilling flmid, preterably clean
water, less preferably some other liquid, for proper operation.
The self-rotating nozzle 408, working on a constant-volume
process, accelerates the fluid to a higher-velocity 1n order
escape the nozzle 408, thus propelling the fluid 1nto a coher-
ent stream, or jet, directed toward a target surface to be cut.

In an exemplary embodiment of operation, the nozzle 408
may pass a proportion of the fluid into the forward jets 402
and radial jets 406 resulting in the reaming or cutting-away of
the adjacent and surrounding coal seam 108. A proportion of
fluid may also be passed 1nto the retro jets 404 resulting in a
collective forward thrust on the waterjet 306 as the pressur-
1zed tluid 1s constantly biased against the rearward coal seam
108. The retro jets 404 may also serve to remove cuttings and
debris from the newly carved orifice 1n the coal seam 108.

According to an exemplary embodiment of the present
disclosure, the high-pressure hose 308, although flexible,
may also be rigid enough to allow an operator at the surface to
apply a significant downward force to bolster the forward
thrust of the waterjet 306. The hose 308 rigidity also allows an
operator to manually translate the waterjet 306 back and forth
within the coal seam 108 to help flush out drilling particu-
lates.

During exemplary drilling operations, high-pressure hose
308 may be fed continuously from a drum located at the
surface until a lateral channel of desired length has been
completed 1n the coal seam 108. At which point the hose 308
may be withdrawn at least to a sufficient extent to withdraw
the waterjet 306 from the newly bored lateral channel. IT 1t 1s
desired to complete more than one lateral channel at the same
depth, then the guide shoe 302 1s simply rotated a distance
from the previously completed lateral channel and the process
1s repeated for a second lateral channel, and a third, and so on.
It will be evident that one may complete multiple lateral
channels at a given depth without having to repeat a well
perforating operation.

In an alternative exemplary embodiment, and 1n order to
maintain the “memory curl” of the hose 308 correctly aligned
with the window 304 of the guide shoe 302 (see FIG. 3), after
completing a first lateral channel in the coal seam 108, the
hose 308 and waterjet 306 may be completely removed from
the well bore and reeled back onto a drum located at the
surface. If 1t 1s desired to complete a second lateral channel at
the same depth as the first lateral channel, the guide shoe 302
and the drum may be circumierentially rotated around the
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well bore an equivalent distance so that the “memory curl” of
the hose 308 remains aligned with the window 304 of the
guide shoe 302. In an exemplary embodiment, the drum may
be located on a trailer that may be repositioned so as to
accurately align the hose 308 with the newly positioned guide
shoe 302.

Alternatively, in order to keep the window 304 of the guide
shoe 302 oriented 1n a known direction downhole, chalk
markings may be used. As explanation, a chalk mark may be
made as a reference point at the surface in the direction of the
window 304. After making up the first tubing section above
the guide shoe 302, creating a {first tubing jo1int, the operator
makes sure that the reference point and window 304 are
aligned 1n the same direction. The first joint may then be
lowered to the reference point at the surface, and there be
marked with chalk as a reference for the second joint. After
making up the second tubing joint, the operator assures that
the reference point at the surface continues to be aligned with
the chalk marking on the first joint. Once aligned, the second
joint may then be lowered to the reference point, and there be
marked with chalk as a reference for the third joint. This
process may be repeated until the guide shoe 302 tags a bridge
plug 1n the hole and the tubing 1s then raised to the exact depth
desired to drill, as explained above. In the alternative, the
aligned tubing may be run to the exact drilling depth, 1f
known.

In yet another exemplary embodiment, the window 304 of
the guide shoe 302 may be oniented for drilling in a known
direction downhole by using a known compass measurement.
As explanation, 1 i1t 1s desired to drnll 1n a due-eastward
direction, an operator at the surface may first align the win-
dow 304 1n the east direction with the aid of a compass. After
making up the first tubing section above the guide shoe 302,
creating a first tubing joint, the operator makes sure that the
window 304 remains aligned 1n the east direction. The first
joint may then be lowered to the surface and there be marked
with chalk 1n a due-eastward direction. Once a second tubing,
section 1s made up, creating a second tubing joint, the opera-
tor again assures that the chalk marking on the first joint
continues to point in the east direction. Once aligned, the
second joint may then be lowered to the surface and there be
marked with chalk 1n a due-eastward direction. This process
may be repeated until the guide shoe 302 tags a bridge plug in
the hole and the tubing 1s then raised to the exact depth desired
to drill, as explained above. In the alternative, the aligned
tubing may be run to the exact drilling depth, 1f known.

Applicants have reached and applied several conclusions
that optimize horizontal coal seam drnlling methods. Such
conclusions are detailed extensively 1n the Ph.D. dissertation
in petroleum engineering entitled “Optimizing Coalbed
Methane Production 1n the Illino1s Basin,” authored by Mar-
shall Charles Watson, B.S., M..S. and submitted to the Gradu-
ate Faculty of Texas Tech University in May 2008. The dis-
sertation 1s hereby incorporated by reference 1n its entirety to
the extent that it 1s not inconsistent with the present disclo-
sure. By way of explanation, and without being bound by any
theory, a few of the optimizations reached 1n the incorporated
dissertation are as follows:

In an exemplary embodiment, the method of the present

[

disclosure may be carried out at a depth of about 500-1200 {t.
downhole, and extend to lengths reaching about 700-900 {t.
horizontally from the well casing 102. Generally, any suitable
waterjet 306 and high-pressure hose 308 combination can be
used so long as the waterjet 306 and hose 308 can negotiate
the approximate 90° turn in the approximate 12 in. radius.
Intuitively, however, the high-pressure hose 308 should have

an mner diameter as large as possible to minimize pressure
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losses and yet maintain the flexibility to turn the approximate
90° corner required to enter the reamed-out perforation 114.

In an exemplary embodiment of operation, the high-pres-
sure hose 308 may have a working pressure rating to with-
stand about 20-40 GPM (gallons per minute), preferably
about 30 GPM (gallons per minute), at about 8,000-12,000
ps1 pump pressure, preferably about 10,000 ps1 pump pres-

sure. Therefore, the hose 308 may be capable of delivering
about 8,000-10,000 ps1, preferably about 9000 ps1, to the

nozzle 408 after total line losses.

As 1llustrated 1n FIG. 5, an exemplary embodiment may
include employing at least three disparate sections of high-
pressure hose 308 (collectively 502, 504, 506), ecach having a
different length and possibly a different inner diameter. High-
pressure couplings (not i1llustrated) may be used to connect
the first hose section 502 to the second hose section 504, and
the second hose section 502 to the third hose section 506.
Generally, any commercially-available high-pressure cou-
pling may be used to connect the different sections (502, 504,
and 506), and 1n most applications, suitable couplings may be
acquired from the manufacturer of the waterjet 306.

In an exemplary embodiment, the first hose section 502
may originate at the surface and extend up to a length of about
900 ft. with an mnner diameter of about 1.00 in. The second
hose section 504 may be coupled to the first hose section 502
and extend up to about 700 1t. with an inner diameter of about
0.75 1n. The third hose section 5306 may include an inner
diameter of about 0.375 1n., extending up to about 10 ft. and
coupled to the second hose section 504 at one end and to the
waterjet 306 at 1ts opposite end.

It has been shown that the commercially-available Power
Track™ and SpirStar™ hoses meet the above-noted pres-
sures and delivery criteria. In particular, by pumping about 30
GPM at a high pressure of about 10,000 psi surface pressure,
a pressure loss of about 196 ps1 may result through about 900
tt. 01 1.00 1n. diameter Power Track™ hose acting as the first
hose section 502. Moreover, a pressure loss of about 643 psi
may result through about 700 ft. of 0.75 in. diameter
SpirStar™ hose acting as the second hose section 504. Lastly,
a pressure loss of about 255 ps1 may result through about 10
tt. of 0.375 1. diameter SpirStar™ hose acting as the third
hose section 506. Therefore, a total pressure loss of about
1094 psimay be experienced, leaving approximately 9000 psi
in fluid pressure needed to operate the waterjet 306 at desired
operating conditions.

Also illustrated 1n FIG. 5 1s a plurality of centralizers 508
that may be attached to the hose 308 (collectively 504 and
506) at increments of about 5 to 6 It. The centralizers 508 may
be made of a flexible material, such as aluminum or rubber,
and clamped to the hose 308 with commercially-available
friction clamps. In an exemplary embodiment, the centraliz-
ers 308 may ride on the bottom and top of the lateral channel
510 to keep the hose 308 (collectively 504 and 506) centrally
located within the lateral channel 510. Thus, the centralizers
508 may maintain the drilling operation in a straight course
and allow for improved flushing-out of the cuttings and par-
ticulates generated from the drilling.

Furthermore, because of the rnigidity of the hose 308 (col-
lectively 502, 504, 506), an operator on the surface may be
able to manually manipulate the waterjet 306, thereby com-
pensating for the lack of forward thrust as a result of less
numerous retro jets 404. For example, at the above-noted
lengths and diameters of hose 308 (collectively 502, 504, and
506), the retro jets 404 on the StoneAge® Banshee™ series
BN 18 waterjet 306 may generate approximately 60 lbs. of
torward thrust. However, this may not be enough thrust to
advance the waterjet 306 by overcoming the forward volume
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differential originating from the more numerous forward jets
402. Instead, because of the rigidity of the hose 308 (collec-
tively 502, 504,506), a downward force on the hose 308 may
be manually-applied to assist the less-numerous retro jets 404
with forward thrust. Thus, an operator at the surface 1s
capable of providing the maximum amount cutting force
from the more numerous forward jets 402, while not relying
solely on the forward thrust of the less numerous retro jets
404.

Additionally, because of the rigidity of the hose 308 (col-
lectively 502, 504, 506), an operator at the surface may manu-
ally translate the waterjet 306 back and forth within the lateral
channel 510. Indeed, while riding on the centralizers 508, the
hose 308 may be manually reciprocated back and forth to not
only increase forward thrust, but also to flush out drilling
particulates.

It will be understood that the dimensions and proportional
structural relations shown 1n the drawing figures are for exem-
plary purposes only, and that the figures do not necessarily
represent actual dimensions or proportional structural rela-
tionships used 1n the methods herein described.

The foregoing disclosure and description of the disclosure
1s 1llustrative and explanatory thereol. Various changes in the
details of the 1llustrated construction may be made within the
scope of the appended claims without departing from the
spirit of the disclosure. While the preceding description
shows and describes one or more embodiments, 1t will be
understood by those skilled 1n the art that various changes in
form and detail may be made therein without departing from
the spirit and scope of the present disclosure. For example,
various steps of the described methods may be executed
repetitively, combined, further divided, replaced with alter-
nate steps, or removed entirely. In addition, different shapes
and sizes of elements may be combined 1n different configu-
rations to achieve the desired Earth retaining structures.
Theretore, the claims should be mterpreted in a broad man-
ner, consistent with the present disclosure.

We claim:

1. A method for drilling a lateral channel 1n a subterranean
coal seam adjacent to an existing o1l or gas well having a well
casing, comprising;:

suspending a casing mill at a selected depth in the well

casing and milling a section of the well casing, thus

resulting 1n an annular perforation in the well casing
adjacent to the subterranean coal seam:;

suspending an underreamer to the circular perforation and
reaming-out the annular perforation a distance into the
subterranean coal seam:;

suspending a guide shoe 1n the well to the annular perto-
ration, wherein the guide shoe defines a window config-
ured to open upon reaching the annular perforation;

directing a flexible hose down the well casing and into the
guide shoe, wherein the flexible hose terminates at a
waterjet having a nozzle 1in fluid communication with a
plurality of forward jets, a plurality of retro jets, and a
plurality of radial jets;

directing the waterjet through the window and out of the
guide shoe 1n a substantially horizontal direction and
into engagement with the subterranean coal seam:;

pumping a tluid at a high pressure through the flexible hose
and waterjet, whereby the fluid 1s expelled from the
waterjet via the plurality of forward, retro, and radial jets
such that jets of high pressure tluid shoots at the subter-
ranean coal formation to make a lateral channel therein:
and
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translating the flexible hose back and forth manually
within the lateral channel to advance the waterjet and
flush out drilling particulates.

2. The method of claim 1, wherein the annular perforation
1s milled to a height of about 4 {t. by the casing mill.

3. The method of claim 1, wherein the underreamer com-
prises at least a pair of flush-mounted cutting blades pivotally
connected to the underreamer, wherein the cutting blades
have multiple cutting jets situated thereon and are configured
to hydraulically and/or mechanically penetrate the annular
perforation and cut into the subterranean coal seam.

4. The method of claim 1, wherein the underreamer 1s
capable of reaming the annular formation to a diameter of
about 24 1n.

5. The method of claim 1, wherein the window of the guide
shoe 1s pivotally-coupled to the guide shoe and thereby con-
figured to open 1n a laterally engaged position within the
annular perforation.

6. The method of claim 1, wherein the step of suspending a
casing mill at a selected depth 1n the well casing 1s preceded
by the step of engaging a bridge plug a distance below the
subterranean coal seam, whereby the bridge plug 1s used to
locate the subterranean coal seam.

7. The method of claim 1, wherein the nozzle further com-
prises a rotatable fluid cutting nozzle.

8. The method of claim 1, wherein the forward jets are
configured to cross over during operation to prevent coning
and the retro jets are rearwardly angled at approximately 140°
relative to the waterjet.

9. The method of claim 1, wherein the plurality of forward
jets are more numerous than the plurality of retro jets.

10. The method of claim 1, wherein a combination of the
waterjet and the flexible hose 1s configured to turn about 90°
in about a 12 1n. radius.

11. The method of claim 1, wherein the flexible hose enter-
ing the lateral channel further comprises a plurality of cen-
tralizers coupled to the tlexible hose and configured to cen-
trally locate the flexible hose within the lateral channel,
thereby allowing for improved tlushing-out of cuttings and
particulates.

12. A method of completing a lateral channel 1n a coal seam
adjacent to an existing o1l or gas well casing, comprising;

providing a flexible hose terminating at a waterjet, wherein

the waterjet comprises a nozzle 1n fluid communication
with a plurality of forward jets, a plurality of retro jets,
and a plurality of radial jets;

directing the tflexible hose and waterjet down the well cas-
ing and into a guide shoe, wherein the guide shoe defines
a window pivotally-coupled to the guide shoe and con-
figured to open 1n a laterally engaged position within the
coal seam:

directing the flexible hose and waterjet through the window
in a substantially horizontal direction and into engage-
ment with the coal seam, wherein the combination ofthe
flexible hose and the waterjet 1s configured to turn

approximately 90° relative to the well casing 1n about a
12 1n. radius;

pumping a fluid at a high pressure through the flexible hose
and waterjet, whereby the fluid 1s expelled from the
waterjet via the plurality of forward, retro, and radial jets
such that jets of high pressure fluid shoot at the coal
formation to make a lateral channel therein; and

advancing the waterjet through the lateral channel by either
directing the fluid at a high pressure through at least one
retro jet to create a forward propulsive force or manually
moving the flexible hose.
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13. The method of claim 12, further comprising manually-
translating the flexible hose back and forth within the lateral
channel to increase forward thrust and flush out drilling par-
ticulates.

14. The method of claim 12, further comprising directing
the tlexible hose and waterjet through the window and 1nto

engagement with the coal seam, wherein the combination of
the flexible hose and the waterjet 1s configured to turn about

90° 1n about an 8 1n. radius.

15. The method of claim 12, wherein the nozzle further
comprises a rotatable fluid cutting nozzle.

16. The method of claim 12, wherein the plurality of for-
ward jets are more numerous than the plurality of retro jets.
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17. The method of claim 12, wherein the forward jets are
configured to cross over during operation to prevent coning
and the retro jets are rearwardly angled at approximately 140°
relative to the waterjet.

18. The method of claim 12, wherein the flexible hose
entering the lateral channel further comprises a plurality of
centralizers coupled to the flexible hose and configured to
centrally locate the flexible hose within the lateral channel,
thereby allowing for improved tlushing-out of cuttings and
particulates.

19. The method of claim 12, wherein the guide shoe com-
prises a hollow, cylindrical body having a diameter of about
3.5 to about 4 1n.
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